Abstract. Cognitive dysfunction is a common feature of Parkinson's disease (PD). Recent research has focused on the detection and management of subjective memory impairment (SMI) as the stage that precedes mild cognitive impairment (MCI). Nevertheless, few clinical studies have biomarkers of SMI in PD. Therefore, this study was designed to investigate differences in perfusion brain SPECT between PD with SMI (PD+SMI) and PD without SMI (PD-SMI) to identify a potential prodromal biomarker of progression to dementia in patients with PD. In this study, 30 PD patients with SMI and 24 PD patients without SMI have been recruited. All subjects underwent perfusion brain SPECT and neuropsychological testing. Brain SPECT images were analyzed by using the SPM program and comparing between patients with PD+SMI and PD-SMI. The PD+SMI and PD-SMI groups did not differ in any neuropsychological tests, except for MMSE. Despite a significant difference in MMSE scores, all scores of both groups were in the normal range. Brain SPECT analysis of PD+SMI patients showed hypoperfusion in the frontal and inferior temporal regions, anterior cingulate and thalamus compared with PD-SMI patients. This pilot study investigated the role of decreased brain perfusion SPECT findings in PD+SMI patients compared with PD-SMI patients as a predictive biomarker of pre-dementia as the stage that precedes MCI in PD. Larger, prospective studies are warranted for further investigation of the pathophysiology of neuronal systems during cognitive decline.
Introduction
Parkinson's disease (PD) is categorized by progressive degeneration of dopaminergic neurons in the substantia nigra [1] . In PD, changes in the cholinergic, noradrenergic, and serotonergic systems are present in variable degrees, leading to different motor and non-motor symptoms [1, 2] . Cognitive dysfunction is a common feature of PD and is also one of the most disabling features [1, 2] . An earlier clinical indicator of dementia, even before the evolution of mild cognitive impairment (MCI), may be subjective memory impairment (SMI) [3, 4] . SMI is defined by subjective reports of memory worsening while maintaining cognitive performance in the normal adjusted range [4] . It is recognized that cognitive changes may develop even in early-stage PD; thus, the definition of MCI has been formulated in PD (PD-MCI). MCI is ascribed to cognitively impaired patients not fulfilling the dementia criteria, originally in Alzheimer's disease (AD). Estimates of the prevalence of PD-MCI vary widely, with a recent estimate of approximately 26% of non-demented PD patients. Previous studies have also shown that SMI is a risk factor for cognitive decline and have generated preliminary evidence of AD-type pathology in patients with SMI [3, 5, 6] . Therefore, like MCI in the AD prototype, it has been speculated that the presence of SMI in PD patients plays a pivotal role in the progression of dementia.
The primary goals of many neuroimaging studies that have examined biomarkers of the early phase of cognitive decline have been to detect and delay clinical progression [7, 8] . Early prevention of clinical progression to dementia, such as PD with dementia (PDD) and AD, is important since it is a progressive and irreversible neurodegenerative disease with no known treatment. Therefore, researchers must perform studies that focus on the detection and management of SMI as the stage that precedes MCI. Nevertheless, there have been few clinical studies of SMI biomarkers in PD until now.
The brain perfusion single-photon emission computed tomography (SPECT) can identify such changes at an early stage and may soon allow visualization of neurotransmission and receptor activity. Furthermore, brain perfusion SPECT is widely available and provides information regarding alterations in regional cerebral blood flow, which reflects cortical function [9] . Brain perfusion SPECT has been used to identify topographic patterns of brain dysfunction in patients with cognitive disorders [10] . Therefore, this study is designed to investigate differences between PD with SMI (PD+SMI) and PD without SMI (PD-SMI) in perfusion brain SPECT by using the SPM program as a potential prodromal biomarker of progression to dementia. An early, accurate diagnosis of prodromal dementia in PD patients may be valuable since it could allow for proper management and prevention of dementia progression.
Materials and methods

Subjects
This study was approved by the local ethics committee, and written informed consent was obtained from each patient. All subjects were prospectively recruited, and the study was conducted between April 2012 and October 2013. There were 30 patients with PD+SMI and 47 patients with PD-SMI. All subjects were examined in the Dementia Clinic and the Movement Disorder Clinic of Incheon St. Mary's Hospital. Evaluation procedures consist of a detailed medical history, physical and neurological examination and neuropsychological assessment by using the Mini-Mental State Examination (MMSE), the extended version of the Clinical Dementia Scale (CDR) and the sum of the box score of the CDR (SOB). Additional brain magnetic resonance imaging (MRI) and Tc-99 m hexamethylpropyleneamine-oxime (Tc-99 m HMPAO) perfusion SPECT were performed in all subjects. Patient medical and neurological histories were obtained from the patients, their family members and other caregivers.
All SMI patients were diagnosed according to the definition of a subjective complaint of memory decline among elderly people in the absence of any objective memory disturbance. Therefore, although there is no current consensus on standard criteria, for the purposes of this study, SMI was defined as self-reported impairment, accompanied by normal performance on neuropsychological. All PD patients were diagnosed according to the UK Parkinson's Disease Society Brain Bank Clinical Diagnosis criteria. Motor severity of PD was evaluated by using the Hoehn-Yahr staging (H-Y staging) measure. PD patients who were taking medications reported to influence cognition and memory (e.g., anticholinergic agents), who had any clinical signs compatible with atypical parkinsonian disorders, and who fulfilled the DSM-IV criteria for delirium or amnesic and depressive disorders were excluded in this study. In addition, patients with cerebral lesions on MRI or secondary causes of Parkinsonism which may interfere with the safe conduction of the study were also excluded. All statistical analyses were performed using the SPSS software version 18.0 package. The independent T-test was used for the comparison of continuous variables, and Pearson's chi-squared analyses were used for the comparison of categorical variables. Values are expressed as means and standard deviations. Statistical significance was assumed at a false detection rate of less than 5% (i.e., p < 0.05).
SPECT imaging
Scans acquired for all patients were interleaved in time. Images were acquired 40 minutes after intravenous injection of 1110 MBq of Tc-99m HMPAO using a dual-head gamma camera (NM640, GE Healthcare, Milwaukee, WI, USA) equipped with a low-energy, fan-beam collimator. Subjects were in the supine position with eyes open through the scan. The room was dimly lit, and noise was preserved to a minimum.
Image analyses were done with SPM2 software (based on MatLab version 6.0, The MathWorks, Natick, MA, USA). SPECT data were first corrected for attenuation and scatter, and then were transformed into ANALYZE format. Mean pixel intensity across all slices in the imaging volume was computed. Each pixel was then under the threshold of 80% of its value to remove background noise and partial volume effects at the edge of the brain. Each SPECT scan was then spatially normalized by 12-parameter affine warping and sinc-linear interpolation onto a SPECT template brain from the Montreal Neurological Institute and reformatted to a 16-bit image of 79 × 95 × 68 voxels, each 2 × 2 × 2 mm in size. These images were spatially smoothed with a 16 mm full-width-at-halfmaximum Gaussian filter. Normalized regional cerebral blood flow (rCBF) values were computed by dividing the CBF at each voxel by the global CBF acquired for each individual.
An ANCOVA model was fitted and a "t" statistic image (SPM (t)) was constructed. The covariant effects of MMSE scores on the regional CBF were estimated according to the general linear model. The composite "t" statistic image PD compared with SMI-PD was under the threshold of t > 1.72, corresponding to an uncorrected p < 0.05 in conjunction with a cluster filter of 50 voxels. T-score clusters were projected onto the standard high-resolution T1-weighted MRI images for anatomic localization and visualization.
Results
The numbers of subjects, mean age, education level, MMSE score, CDR score and SOB score for each group are shown in Table 1 . The PD+SMI and PD-SMI groups did not show any statistically significant differences in the mean duration of PD, daily dosage of levodopa or H-Y stage. On the other hand, there is a significant difference in MMSE score but no difference in CDR, including SOB, between these two groups. However, the mean MMSE score of the PD+SMI group was within the normal limit.
Regarding the brain perfusion SPECT analysis of PD+SMI and PD-SMI patients, the PD-SMI group demonstrated more significant hypoperfusion in the anterior cingulate, thalamus, medial frontal regions and inferior temporal regions (Figure 1) . Fig. 1 . Group differences in patients with PD+SMI compared with PD-SMI by Fusion of SPM2 results to trans-axial MR images, which were provided as a template. The patients with PD+SMI showed decreased perfusion in medial frontal and inferior temporal regions, anterior cingulate and thalamus compared to patients with PD-SMI. 
Discussion
The lack of standardized diagnostic tests for neurodegenerative diseases such as PD and dementia greatly limits the potential for an accurate diagnosis and early detection even more so. As a pre-MCI condition, SMI may be helpful in identifying, and therefore treating at-risk individuals before irreversible neuronal loss occurs.
To date, there has been little clinical or neuroimaging research on SMI in PD. Nobili et al. reported that patients with SMI showed no significant differences in brain SPECT compared with healthy subjects [10] . However, another FDG-PET study suggested that patients with SMI have significant cerebral glucose metabolism reductions in the parahippocampal gyrus, parieto-temporal and inferior frontal cortex, fusiform gyrus, and thalamus [11] . A recent neuroimaging study showed significantly decreased gray matter density in the angular gyrus, both medial frontal gyri and anterior cingulate regions in PD+SMI patients compared with PD-SMI patients [12] . The brain SPECT analysis of PD+SMI patients in this study also showed a decreased perfusion pattern in the thalamus, anterior cingulate, medial frontal and inferior temporal regions compared with PD-SMI patients, which is consistent with prior neuroimaging studies [11, 12] . In particular, it is well known that the inferior temporal region influences semantic memory, and the anterior cingulate are involved in attention and rational cognitive functions, such as decision-making, empathy, impulse control, and emotion [12, 13] . Furthermore, executive cognitive function takes place in the frontal lobe. Therefore, it could be speculated via the data that PD+SMI may be an early manifestation of pre-dementia in PD that occurs before MCI.
One limitation of this study is that the diagnosis of SMI has not yet been validated, and a consensus definition has not been reached. Thus, SMI may precede future cognitive decline or represent a predementia state. However, most studies are in agreement with the above-mentioned designation of SMI, and these diagnostic criteria were applied in the present study. It was attempted to address these confounders via neuropsychological tests and neurological examinations performed by an experienced neurologist.
In conclusion, this is the first study to assess functional neuroimaging using perfusion SPECT for patients with PD+SMI and PD-SMI. This pilot study evaluated the role of decreased brain perfusion SPECT findings in PD+SMI patients compared with PD-SMI patients as a predictive biomarker of pre-dementia as the stage that precedes MCI in PD. Prospective and clinicopathologic studies which are aimed at investigating the pathophysiology of neuronal systems during cognitive decline from PD+SMI to PDD are needed. Ideally, these studies will also identify whether progression coincides with the aforementioned radiologic observations and whether this parallels objective cognitive decline.
